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Abstract 
Effective implementation of technology of aquifer thermal energy storage(ATES) must has sufficient stable cold 
water body as a basis. In this paper, taking Sanhejian Coal Mine as an example, we analyze the effect of cold energy 
storage in doublet-wells by analyzing the volume change of cold water body within different temperature ranges in 
different periods. Through the analysis of volume change of cold water body, it can prove as time goes, the 
proportion of 2-5℃ cold water body is decreasing, the proportion of 5-10℃ cold water body and 10-15℃ cold water 
body are maintained at 14% and 28%. The 10-15℃ cold water body  predominants in cold energy storage aquifers, 
and the 5-10℃ cold water body  predominants in the 2-10℃ cold water body. And from the 100th day to the 200th day 
of no pumping and no irrigation, the volumes of  2-5℃ cold water body, 2-10℃ cold water body and 2-15℃ cold 
water body are decreasing. But with time, the volume of cold water body stabilizes. It proves that the effect of cold 
energy storage is good in aquifers. 
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1. Introduction 
Effective implementation of technology of aquifer thermal energy storage(ATES) must has sufficient 
stable cold water body as a basis[1-3]. In this paper, taking Sanhejian Coal Mine as an example, we analyze 
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the effect of cold energy storage in doublet-wells by analyzing the volume change of cold water body 
within different temperature ranges in different periods. 
2. Selection of aquifer thermal energy storage in Sanhejian coal mine 
According to the hydrogeological conditions of Sanhejian coal mine in Xunzhou Coal Mining 
Administration, fractured confined aquifer group and karst-cranny confined aquifer group are mostly 
weak aquifers which predominate in stationary deposit. So porosity confined aquifer group would be 
selected as aquifer thermal energy storage. Quaternary upper loose sandy porosity unconfined aquifer 
group is close to the surface, it is is not suitable to be aquifer thermal energy storage. Because it is 
variable temperatures, the surface is affected by solar radiation. The surface water bodies are immediately 
affected by external factors such as climate, vulnerable on pollution.  
There is a natural water-resisting layer in Quaternary strata. The thickness of upper water-resisting 
layer is 30m, and the bottom water-resisting layer is 20m. So Quaternary upper loose sandy porosity 
confined aquifer to bottom clayed glavel porosity confined aquifer are chosen as aquifers thermal energy 
storage, and the average thickness of aquifer is about 100m. 
3. Modeling 
3.1. Size of model 
The plane size of energy storage is 300×200m2. The thickness of confined aquifer is 100m. The 
thickness of upper water-resisting layer is 30m, and the bottom water-resisting layer is 20m. Vertical 
depth is from -20m to -170m, in which water-resisting layers is from -20m to -50m and from -150m to -
170m respectively, and confined aquifer is from -50m to -150m. 
Filter pipe of irrigation is located in 40m above the bottom of the aquifer. Irrigation range is from -
110m to -150m, and pumping range is from -50m to -90m.  
Calculation sketch of energy storage model in doublet wells is shown in Fig.1. Mesh figure of energy 
storage model in doublet wells is shown in Fig.2. 
             
Fig. 1. calculation sketch of model in doublet wells                                        Fig. 2. mesh figure of model in doublet wells 
3.2. The initial and boundary conditions setting 
The initial water head is -20m. The flow boundary condition is the first boundary condition and the 
fourth boundary condition. Daily pumping and irrigation time is 10 hours. The thermal initial condition is 
20℃ . The thermal boundary condition is the first boundary condition. Setting based on irrigation 
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temperature, pumping temperature is no boundary condition.  Pumping out the heat by pumping out the 
warm water in pumping well[4-6]. 
3.3. Hydraulic and thermodynamic parameters of model aquifer 
Hydraulic and thermodynamic parameters of model aquifer are list in Table 1[7]. 
Table 1. Hydraulic and thermodynamic parameters of model aquifer 
Parameters name Confined aquifer Column B (T) 
Permeability coefficient (m/s) 5.7×10-11 1×10-12 
Porosity 0.25 0.35 
Compressible coefficient of solid skeleton (m–1) 4.6×10-4 4.6×10-4 
Heat capacity of solid skeleton (MJ/(m3•K)) 2.52 2.52 
Thermal conduction coefficient of solid skeleton (W/(m2•K)) 2.49 2.49 
Longitudinal dispersivity (m) 4 0 
Transverse dispersivity (m) 1 0 
4. The volume and percentage of cold water body in aquifer within different temperature ranges 
The pumping and irrigation flow is 100m3/h respectively, the irrigation temperature is 2℃ . The 
distribution of volume change of cold water at the point of  the 100th day and the 200th day after the 
period of no pumping and no irrigation are analyzed. The simulation conditions are listed in Table 2. 
Table 2. the volume and percentage of cold water body in aquifer within different temperature ranges (m3) 
T(℃) 
condition 1                   
Qp= Qi=100m3/h, T =2℃ 
condition 2                   
the 100th Day of no pumping 
and no irrigation  
condition 3                     
the 200th Day of no pumping and 
no irrigation 
V percentage(％) V Percentage (％) V percentage (％) 
2＜T≤5 
2～3 5286.51 2.40 
8.75 
3450.99 1.53 
6.63 
－ － 
4.84 3～4 7036.10 3.20 4687.74 2.08 5053.59 2.14 
4～5 6926.35 3.15 6801.75 3.02 6398.98 2.70 
5＜T≤10 
5～6 7662.08 3.48 
14.62
6614.08 2.93 
14.42
7598.51 3.21 
14.94
6～7 6256.53 2.84 6719.61 2.98 6979.47 2.95 
7～8 6058.12 2.75 6260.24 2.78 6323.61 2.67 
8～9 6076.40 2.76 6384.83 2.83 7020.66 2.97 
9～10 6118.16 2.78 6533.58 2.90 7409.35 3.13 
10＜T≤15 
10～11 14437.45 6.56 
28.85
6637.12 2.94 
28.30
8335.21 3.52 
27.76
11～12 12802.55 5.82 15315.02 6.79 7174.82 3.03 
12～13 11837.51 5.38 15714.79 6.97 21837.25 9.23 
13～14 11698.69 5.32 12595.5 5.59 13827.54 5.85 
14～15 12699.93 5.77 13551.18 6.01 14485.44 6.12 
15＜T≤19 
15～16 20873.75 9.49 
47.78
14265.69 6.33 
50.66
16438.4 6.95 
52.47
16～17 16914.62 7.69 17432.8 7.73 19938.88 8.43 
17～18 23518.14 10.69 36180.67 16.04 37680.96 15.93 
18～19 43810.6 19.91 46361.67 20.56 50065.73 21.16 
 
Notes: Qp is the pumped water volume from the irrigation well, Qi is the irrigated water volume into the cold energy storage well, t 
is the temperature of irrigation water. 
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In order to more clearly seeing, the volume of cold water body within different temperature ranges are 
added and draw Fig. 3 on the percentage.  
19248.96m3
8.75% 32171.29m3
14.62%
63476.13m3
28.85%
105117.11m3
47.78%
  
32512.34m3
14.42%
63813.61m3
28.30%
114240.83m3
50.66%
14940.48m3
6.63%
      
11452.57m3
4.84%
35331.60m3
14.94%
65660.26m3
27.76%
124123.97m3
52.47%
 
(a) condition 1                                           (b) condition 2                                                          (c) condition 3 
2＜T≤5      5＜T≤10      10＜T≤15          15＜T≤19 
Fig. 3. diagram of the volume and percentage of cold water body in aquifer within different temperature ranges 
From table 2 and fig.3, in condition 1, the cold water body of 2-5℃ accounts for 8.75%, the cold 
water body of 5-10℃ accounts for 14.62%, and the cold water body of 10-15℃ accounts for 28.85%. 
And the volumes of cold water body are 19248.96m3, 32171.29m3 and 63476.13m3 respectively. In 
condition 2, these three cold water account for6.63％,14.42％ and 28.30％respectively, and the volumes 
of cold water body are 14940.48m3, 32512.34m3 and 63813.61m3 respectively. In condition 3, these three 
cold water account for 4.84％,14.94％ and 27.76％respectively, and the volumes of cold water body are 
11452.57m3, 35331.60m3 and 65660.26m3 respectively. 
And from table 2 and fig.3,we can see that as time goes, the proportion of 2-5℃ cold water body is 
decreasing, and the proportion of 15-19℃cold water body is increasing. The proportion of 5-10℃ cold 
water body and 10-15℃ cold water body are maintained at 14% and 28%. The 10-15℃ cold water body  
predominants in cold energy storage aquifers, and the 5-10℃ cold water body  predominants in the 2-
10℃ cold water body. Overall, the proportions of 2-10℃ cold water body are maintained at 23.37%, 
21.05% and19.78% in the three conditions. Downward trend in the proportion is smaller and smaller. It 
proves that the effect of cold energy storage is good in aquifers. 
5. Decrease extent of cold water body in aquifer within different temperature ranges 
Fig.4-fig.6 are the volume distribution of cold water body of 2-5℃, 2-10℃ and 2-15℃ in the four 
conditions. 
 
                                        
(a) condition 1                                           (b) condition 2                                                       (c) condition 3 
Fig. 4. the volume distribution of cold water body of 2-5℃ in the three conditions 
                                            
(a) condition 1                                           (b) condition 2                                                       (c) condition 3 
Fig. 5. the volume distribution of cold water body of 2-10℃ in the three conditions 
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           (a) condition 1                                       (b) condition 2                                                  (c) condition 3 
Fig. 6. the volume distribution of cold water body of 2-15℃ in the three conditions 
From fig.4-fig.6, from the 100th day to the 200th day of no pumping and no irrigation, the volumes of  
2-5℃ cold water body, 2-10℃ cold water body and 2-15℃ cold water body are decreasing. But with time, 
the volume of cold water body stabilizes. It proves that the effect of cold energy storage is good in 
aquifers. 
6. Conclusions 
Through the analysis of volume change of cold water body, it can prove:    
(1) as time goes, the proportion of 2-5℃ cold water body is decreasing, the proportion of 5-10℃ 
cold water body and 10-15℃ cold water body are maintained at 14% and 28%. The 10-15℃ cold water 
body  predominants in cold energy storage aquifers, and the 5-10℃ cold water body  predominants in the 
2-10℃ cold water body. 
(2) from the 100th day to the 200th day of no pumping and no irrigation, the volumes of  2-5℃ cold 
water body, 2-10℃ cold water body and 2-15℃ cold water body are decreasing. But with time, the 
volume of cold water body stabilizes. It proves that the effect of cold energy storage is good in aquifers. 
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